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doi:10.1016/j.ejvs.2008.06.017Abstract Background: Colour duplex ultrasonography (CDU) is widely recommended before
varicose vein surgery, combined with quantification of venous reflux by plethysmography
where required. This study assessed venous haemodynamics before and after varicose vein
surgery by venous outflow plethysmography (VOP), venous reflux plethysmography (VRP) and
by adoption of a modified segmental venous reflux score (VRS). The effect of wearing one or
two class I medical compression stockings was also assessed. The aim of the study was to iden-
tify parameters which reflect the outcome of treatment using medical compression stockings
or surgical intervention.
Methods: 24 legs of 21 patients with superficial vein incompetence of clinical grade C2e4a
(CEAP) were assessed before and a mean of 8 S.D. 4 months after superficial vein surgery.
Investigations were CDU, as well as VOP and VRP using mercury in rubber gauges fitted either
around the calf or the forefoot. Venous reflux was semi-quantitatively graded by CDU in
relation to the actual vein diameter and transformed into a VRS with respect to the number
of involved serial vein segments. The venous reflux rates were measured in standing patients
after knee bending before and after application of one or two superimposed compression
stockings (class I).
Results: According to VRP, one compression stocking reduced the maximum venous reflux rates
(VRmax) by about 30% which was comparable with the effect of surgery on VRmax. Two super-
imposed compression stockings were almost twice as effective and diminished VRmax pre-
and post operatively by around 60%. Varicose surgery reduced the maximum venous outflow
rates significantly (pre-op: 166 S.D. 77 ml/min100 ml tissue, post op: 120 S.D. 34) and im-
proved VRS (pre-op median 5.0 IQR: 4.5e5.5, post-op median 0.5 IQR: 0e1.0). Surgery had, Department of Molecular and Clinical Medicine, Clinical Physiology, Sahlgrenska Academy, SE-41345
4631827614.
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732 E. Volkmann et al.no effect on venous refilling time or venous reflux rates when measured without compression
stockings.
Conclusion: Venous reflux assessed by plethysmography was moderated by the use of com-
pression stockings pre-operatively but did not reflect the outcome of surgical treatment of
superficial venous reflux. Increased venous volume and venous outflow were restored to
the levels of normal contralateral limbs by surgery. The VRS decreased considerably follow-
ing surgery, reflecting the effect of surgical treatment on the number of incompetent venous
segments. Changes in this parameter did not correlate with any of the plethysmographic
measurements.
ª 2008 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Varicose veins is a common disease with a prevalence of
about 40e80%. Compression bandaging reduces venous
reflux in patients with chronic venous disease and leg
ulcers,1 or by appropriate superficial venous surgery.2 Col-
our duplex ultrasonography (CDU)3 is essential in establish-
ing the anatomical extent of venous disease which
combined with clinical evaluation of the patient allows
classification according to the CEAP system4 and
complementary segmental venous disease score5 (VSDS).
CDU provides qualitative assessment of venous function
but is not well suited to measuring venous reflux volume
flows. VSDS is an anatomical scoring system which does
not take account of reflux grades, vein diameters or
segmental venous reflux. Failure to identify all sources of
venous reflux lead to the risk of residual post-interventional
venous incompetence, which has been reported to vary
substantially in different studies.2,6e10
It has been suggested that plethysmographic techniqu-
es11e17 may be used in conjunction with CDU to provide
better information concerning venous function. Foot
volumetry based on water displacement system12 is effec-
tive at measuring venous function but is complex. We
have developed specially designed pneumatic cuffs for
selective superficial vein occlusion17 in order to identify
the relative contributions of deep and superficial venous
reflux in individual limbs. We have also developed a foot
volumetry protocol by strain gauge plethysmography which
can be used with compression stockings. The aim of this in-
vestigation was to establish whether our plethysmographic
technique could evaluate the effect of the application of
compression stockings or venous surgery in patients with
superficial venous incompetence. We also wished to estab-
lish whether a segmental venous reflux score mirrors ana-
tomical and functional changes after varicose surgery, if
scoring points are weighted for venous reflux grades and
vein diameters.
Material and Methods
Patients: We have investigated patients referred to our
hospital for surgical management of chronic venous disease
of the lower limb. Between 2002 and 2004 we studied 25
legs of 22 consecutive patients (median age 58 years ranged
38e75, 12 women) with predominately superficial veinincompetence. One patient was unable to complete the
post operative follow-up investigations, so that 24 legs in
21 patients were available for analysis. One leg (leg 14,
Table 1) was operated twice within two years and therefore
completely investigated at both occasions, i.e. the data
analysis is based on measurements before and after 25 sur-
gical vein interventions.
Patients were examined clinically by a surgeon experi-
enced in the management of venous disease. CDU was
undertaken according to the method shown below allowing
the CEAP classification to be assessed (Table 1). The con-
tralateral limbs were not classified since they were only
investigated with venous outflow plethysmography (VOP)
and venous reflux plethysmography (VRP) as untreated con-
trols. With the exception of two legs, the venous disease
was symptomatic with heaviness, swelling, and in some
cases skin changes, but all patients could perform their
daily activities without limitations. The patients symptoms
in relation to daily life activities were characterized ac-
cording to the venous disability score (VDS, Table 1).5,18
Most patients were scored as VDS grade 1, since they had
symptomatic venous disease but never used compression
stockings to treat their symptoms. Two patients had no
leg symptoms, and vein surgery was performed for
cosmetic reasons. The study was approved by the local
ethics committee and informed consent obtained from
each patient.
Study protocol: The preoperative ultrasound study was
performed at Carlanderska hospital by one author (RV) 2e
4 weeks before surgery. Following ultrasonography the
CEAP-classification was assigned (JH) and the plethysmo-
graphic studies (EV) were performed at the department of
Clinical Physiology, Mo¨lndals hospital, SU/S. Post-operative
CDU (RV) and plethysmography were performed (EV) at the
same hospital. The mean time interval between surgical
intervention and post operative testing was 8 S.D. 4
months, ranging between 4e19 months.
Colour Duplex Ultrasonography: All CDU examinations
were performed in the standing position using a 10 MHz lin-
ear probe (Siemens, Elegra) or a 5 MHz linear probe (Acuson
128 XP). Venous valve competence was assessed in the
superficial, perforator and deep veins by manual calf com-
pression-release manoeuvre according to a standardized
protocol.19 Within the common femoral vein and the prox-
imal great saphenous vein (GSV), reflux was also tested by
Valsalva manoeuvres20 or by slight coughing as well as by
repetitive toe elevation. Venous reflux in any vein was
Table 1 CEAP classification and Venous Disability Scores (VDS) before and after varicose vein surgery of 24 legs in 21 patients.
(legs nr. 9e10, 16e17, 20e21 are the limbs of patients undergoing bilateral surgery on two different occasions)
Patient Nr CEAP Pre-op CEAP Post-op VDS Pre-op VDS Post-op**
1 C2,Ep,Asp,Pr2.3.16.17.18 C0,En,An,Pn 1 0
2 C2,Ep,Asp,Pr5.17.18 C0,En,An,Pn 1 0
3 C2,Ep,Asp,Pr2.3.5.17.18 C2, En,An,Pn 1 0
4 C4b,Ep,Asp,Pr2.3.18 C4b,Ep,As,Pr3 1 1
5 C4a,Ep,Aspd,Pr2.3.5.13,14.17.18 C4a, En,An,Pn 1 1
6 C2,Ep,Asp,Pr2.3.4.17.18 C2,Ep,As,Pr4 0 0
7* C2,Ep,Asp,Pr3.17.18 C2,Ep,Asd,Pr2.3.14 0 0
8 C2,Es,Asp,Pr3.18 C0, En,An,Pn 1 0
9 lt C2,Ep,Asp,Pr2.3.18 C2,Ep,As,Pr5 1 0
10 rt C2,Ep,Asp,Pr2.3.18 C0, En,An,Pn 1 0
11 C5,Ep,Asp,Pr5.18 C5, En,An,Pn 1 0
12 C2,Ep,Asp,Pr2.3.18 C1,Ep,As,Pr5 1 0
13 C4a,Ep,Asp,Pr3.4.17.18 C4a, En,An,Pn 1 0
14* I C4a,Eps,Aspd,Pr2.3.4.15.16.18 C4a,Eps,Aspr,Pr4.5.15.18 1 1
14* II C4a,Eps,Aspd,Pr4.5.15.18 C4a,Eps,Aspd,Pr4.5.15.18 1 1
15 C2,Ep,Aspd,Pr4.12.13.14.15 C2,Es,Asd,Pr4.15 1 0
16 lt C3,Ep,Asp,Pr2.3.18 C1,Ep,As,Pr5 1 0
17 rt C3,Ep,Asp,Pr2.3.18 C1,Ep,As,Pr2 1 0
18 C2,Ep,Asp,Pr.2.3.18 C1, En,An,Pn 1 0
19 C4a,Ep,Aspd,Pr2.3.18. C4a,Ep,As,Pr2 1 0
20 lt C2,Ep,Asp,Pr2.3.18 C2,Ep,As,Pr3 1 0
21 rt C2,Ep,Asp,Pr2.3.18 C1,Ep,As,Pr3 1 0
22 C3,Ep,Aspd,Pr2.3.11.14.18,O3 C1,Ep,As,Pr5 1 0
23 C2,Ep,Asp,Pr2,3,18 C1,Ep,As,Pr3 1 0
24 C4a,Ep,Aspd,Pr2.3.11.14.18 C1,Ep,As,Pr16 1 0
VDS 0Z asymptomatic, VDS 1Z symptomatic but able to carry out usual activities without compression therapy (27).
7*Z Patient with post-operative venous thrombosis.
14*Z Patient with history of left leg DVT and pulmonary embolism, undergoing repeated venous surgery (2002Z I, 2004Z II).
VDS**Z Postoperatively significant lower scores when compared with the pre operative values (P< 0.0002).
Note that surgery did not improve the symptoms in 3/24 legs (1 of these limbs was treated twice). 2/24 legs were asymptomatic and
remained so after surgery (post-op).
Venous Functionx Before and After Varicose Surgery 733graded semi-quantitatively using the Doppler flow informa-
tion with respect to its maximum frequency shift
(0Z none, 1Zmild, 2Zmoderate and 3Z severe
reflux).21,22 Maximum reflux velocities between 10e
20 cm/s were considered to be of grade 1. Grade 2 corre-
sponded to maximum reflux velocities ranging between
20e30 cm/s whereas grade 3 reflux was present at maxi-
mum reflux velocities >30 cm/s and/or reflux velocities ex-
ceeding the antegrade manually provoked ones. Reflux in
perforators with diameters of <3 mm, was considered to
be insignificant. Otherwise, Grade 2 and 3 reflux was con-
sidered to be pathological.
CEAP-classification: The CEAP classifications (Table 1)
were prospectively performed according to recommenda-
tions of an International Consensus Committee on Chronic
Venous Disease3 and recently revised according to the
CEAP revision by Eklo¨f et al.4
Venous reflux score: A venous reflux score (VRS) is
proposed as a modification of other venous disease scoring
systems5,10,18,21 according to Table 2, in which scoring
points are given in relation to the ultrasound reflux grada-
tions in each vein compartment with corrections for the
actual vein diameters.23 Two extra scoring points are given
in any case of axial reflux.Venous outflow plethysmography: The basic principles
of plethysmography have been described elsewhere.24
The patients were in supine position with the feet resting
on a shelf 30 cm above heart level. Strain gauge plethys-
mography was performed with standard thigh occlusion
cuffs (width 15 cm) inflated with air to 50 mmHg for filling
of the calf veins. The plethysmograph (Electromedicin AB,
Kullavik, Sweden) allowed rapid filling and emptying of
the occlusion cuffs. Mercury-in-rubber strain-gauges were
placed around the largest circumference of the calf and
around the fore foot and mechanically calibrated. Venous
filling volumes (VV, [ml/100 ml tissue]), maximum venous
outflow rates (VOVmax, [ml/min x 100 ml tissue]), venous
volumes 3 seconds after cuff deflation (VOV3, [ml/100 ml
tissue]) and the fractional venous outflow (VOV%Z VOV3/
VV [%]) were calculated according to the standard equa-
tions for venous plethysmography.
Venous reflux plethysmography: Patients stood on
a special board allowing unlimited length changes of the
Hg strain gauge, which was fixed around the fore foot
(Fig. 1), with or without one (symptomatic and control
legs) or two (symptomatic leg only) superimposed25
knee length class I compression stockings providing 18
mmHg compression at the ankle (Mabs AB, Norrko¨ping,
Table 2 Proposal for a venous reflux scoring (VRS) system,
which includes the number of involved vein segments, axial
reflux and ultrasound criteria for grading venous reflux
(2,21), but with corrections for the actual vein diameters
(standing patient)
CEAP Nr. Incompetent vein segments VRS (scoring points)
Reflux
grade2
Reflux
grade3
2e3 Proximal þ distal GSV 0.5þ 0,5 1þ 1
4 Proximal þ distal SSV 0.5þ 0,5 1þ 1
5 Accessory veins AKþ BK 0.5þ 0,5 1þ 1
e Superficial axial reflux þ1 þ2
11 Common femoral
vein (CFV)
0.5 0.5
12 Deep femoral vein 1 1
13 Proximal þ distal
femoral vein
0.5 0.5þ 0,5
14 Proximal þ distal
popliteal vein
0.5 0.5þ 0,5
15 Deep calf
veins (1/flera)
0.5/1 1/1.5
e Superficial, deep or
mixed axial reflux
þ2 þ2
16 Muscle veins 0.5 0.5
17 Thigh perforators 0.5 0.5
18 Calf perforators (1/>1) 0.5/1 0.5/1
2e3. Vein diameters of <4.5 mm: any type of pathological re-
flux is scored as grade 2. 4.5 6 mm: pathological reflux is
scored as grade 2 or 3, resp. >6 mm: any type of pathological
reflux is scored as grade 3.
4e5. Vein diameters of <3.5 mm: any type of pathological re-
flux is scored as grade 2. 3.5 6 mm: pathological reflux is
scored as grade 2 or 3, resp. >6 mm: any type of pathological
reflux is scored as grade 3.
11e14. Diameters commonly >7 mm: the same score at any
type of pathological reflux.
15. Vein diameters of <4 mm: any type of pathological reflux is
scored as grade 2. 4 5 mm: pathological reflux is scored as
grade 2 or 3, resp. >5 mm: any type of pathological reflux is
scored as grade 3.
16. same score at any type of pathological reflux.
17e18. Vein diameters of <3.5 mm: get 0 score points.
>3.5 mm: the same score at any type of pathological reflux.
A. Superficial axial reflux: (segments 23, 11) Maximum
scoreZ 4.5. including perforators (segments 17, 18) Maximum
scoreZ 6.0.
B. Deep axial reflux (segments 11, 13, 14, 15) Maximum
scoreZ 6.0. with perforators (segments 17, 18) Maximum
scoreZ 7.5.
C. Mixed axial reflux serial superficial and deep insufficient seg-
ments connected by perforators.
734 E. Volkmann et al.Sweden). Patients stood still initially to achieve a steady
venous volume, and then performed knee bends at about
1 sec intervals until a new steady venous volume was
achieved. The patient was then ask to stand still for the
following 30e60 seconds during which the maximum re-
flux rates (VRmax, [mlxmin/100 ml tissue]), and the times
for half maximum (VRT50) venous volume recovery were
measured (Fig. 2).Statistics: Results are presented as means and SD and
median and interquartile range for non-ordinal data. Linear
regression analysis was performed using StatView 5.01.
When comparing preoperative and post operative test
results, the Wilcoxon Signed Rank Test of paired observa-
tions was used. P-values <0.05 were considered to be sig-
nificant. The coefficients of variation of the
plethysmographic measures from the untreated leg before
and after varicose surgery were assessed as
SDxZ
SDd 100
ﬃﬃﬃ
2
p
 X
where SDx is coefficient of variation (%) of the mean value
from all the investigations ðXÞ performed before and after
surgery and SDd is the standard deviation of the mean dif-
ference between both investigations.
Results
Surgical outcome: Table 1 shows the CEAP classification
of 24 legs in 21 patients before and after 25 operations.
Assessment of the patients’ functional ability (VDS) shows
that the symptoms were abolished in 21/24 limbs and
were absent preoperatively in 2 further legs. The Venous
Reflux Score (VRS) fell from a pre-operative median of
5.0 (interquartile range IQR: 4.5e5.5) to a median of 0.5
(IQR: 0e1.0) postoperatively. The VSDS5 fell from a median
of 2.0 (IQR: 2.0e3.5) to 0 (IQR: 0e0). Nine legs were com-
pletely cured by surgery according to post operative CDU
and VRS, whereas the remaining 15 (63%) legs still showed
signs of residual or recurrent venous reflux of varying
grade.
Reproducibility of venous plethysmography: The out-
come data from the control legs were used for assessment
of the intra individual coefficients of variation of all ple-
thysmographic variables. The coefficient of variation for
VV, VOVmax and VOV% was 15e16%. When analysing the out-
come of venous reflux plethysmography without a class I
compression, the intra individual variability for VRT50 and
VRmax was around 50 and 67% respectively, but with a ten-
dency to be somewhat lower when wearing one class I calf
compression stocking (50 and 40% respectively).
Venous outflow plethysmography: The outcome of
measurement is summarised in Table 3. Before surgery,
VV and VOVmax were higher in the treated legs compared
to the control limbs. These differences disappeared follow-
ing surgery due to decreased VV and VOVmax. VV was signif-
icantly correlated to VOVmax (R SquaredZ 0.75,
p< 0.0001). However, VOV% was the same in all limbs.
Venous reflux plethysmography: In control limbs the
compression class I had small effects on VRT50 and VRmax
(Table 4), however, data from these measurements had
a large coefficient of variation which may have concealed
some differences.
The effect of superficial vein surgery on strain-gauge
foot volumetry outcome is shown in Table 4. No improve-
ment in plethysmographic function was found following
surgery from the measurements made without stockings,
although trends towards increased VRT50.and decreased
VRmax were observed. VSDS and VRS were not correlated
with any variable derived from reflux plethysmography.
Figure 1 Measurement of venous reflux by strain gauge
plethysmography - with and without compression stockings.
Venous Functionx Before and After Varicose Surgery 735Before surgery, wearing one stocking decreased VRmax,
and with two superimposed class I stockings decreased
VRmax and increased VRT50. Following surgery venousFigure 2 Example of Venous reflux plethysmography after steady
sation of knee bending. T50Z Half maximum reflux times (VRT50). T
after cessation of knee bending (VRT90).plethysmographic measurements improved significantly
(Table 4) when on compression stocking was worn. This
was as effective as two superimposed stockings before
vein surgery. The effects were observed in patients in
whom CDU did not detect residual vein reflux.
Discussion
CDU has been shown to be a cost effective method of pre-
operative evaluation in patients with varicose veins.26 It is
also possible to use it to perform a qualitative assessment
of venous reflux. Data from CDU investigation is essential
in achieving the correct CEAP classification for each
patient. Various proposals of a venous disease score18
have been made which help to define criteria for treatment
and assess the outcome of treatment. However, VSDS -
which is an anatomical score of involved vein segments -
varied only weakly with the clinical VDS in patients
undergoing varicose vein surgery.27 We modified therefore
VSDS into VRS by adding information about vein diameters,
CDU assessed reflux severity and different kinds of axial
reflux,5,10,18 which result in better reflection of the severity
of disease and assessment of outcome. Our reflux
gradations in relation to the actual vein diameters were
somewhat ad hoc, so VRS should be tested more extensively
in a larger prospective studies. The changes in VSDS and
VRS due to the surgical treatment were highly correlated
(P< 0.01, rZ 0.51) between each other, but both scores
were not related to VDS, which was rather low in most of
our patients.
Foot volumetry12 has been used to test the effect of
selective superficial vein occlusion on venous physiology
to help predict the outcome of surgery. However, in ourstate knee bending. VRmax ZMaximum reflux rates after ces-
90Z Time to restitution of 90% of steady state venous volumes
Table 3 Venous Outflow Plethysmography before and
after superficial vein surgery: The treated leg is compared
with the contralateral control leg. The strain gauge is
placed around the greatest circumference of the calf
Treated leg
VV VOVmax VOV%
Before surgery 7.8 S.D. 2.9 166 S.D. 77 80 S.D. 17.2
After surgery 6.4 S.D. 1.6 120 S.D. 34 71 S.D. 12.6
P P< 0.002 P< 0.001 n.s.
Control leg
Before surgery 6.2 S.D. 1.5 118 S.D. 33 78 S.D. 19
After surgery 6.2 S.D. 1.7 124 S.D. 41 73 S.D. 9.3
P n.s. n.s n.s
VVZ steady state venous volume (ml/100 g tissue) at 50 mmHg
tighcuff pressure.
VOVmax ZMaximum outflow velocity (ml/min x 100 g tissue) on
rapid cuff deflation.
VOV%Z Decrease in VV within 3 sec after rapid cuff deflation,
as expressed in percent of VV (fractional venous emptying).
736 E. Volkmann et al.hands foot volumetry produced ambiguous findings. We
therefore tested compression stockings to evaluate their
effects on venous reflux.
In an initial experiment we measured venous reflux in
a patient with axial GSV incompetence by means CDU with
a transducer position just above the upper margin of calf
compression stockings, superimposing class III and class I
stockings to a maximum compression class corresponding
Iþ Iþ III. The GSV was not closed by this level of compres-
sion. However, maximum GSV reflux velocities decreased
with increasing compression classes whereas reflux deceler-
ation times increased. These observations led us to investi-
gate the effects of compression stockings on the lower limb
venous physiology in varicose vein patients undergoing
surgery.
We assessed overall venous reflux in the forefoot
by strain gauge plethysmography before and after vein
surgery in patients with predominately superficial venousTable 4 Venous reflux plethysmography (VRS) in the operated l
with one or two superimposed compression stocking class I
Before surgery after s
VRT50 VRmax VRT50
Treated leg
No stocking 10 S.D. 8.2 12 S.D. 9.5 15 S.D.
1 stocking 12 S.D. 6.3 7.5 S.D. 7.3 19 S.D.
p* n.s. p< 0.02 p< 0.
2 Stockings 14 S.D. 7.9 4.4 S.D. 5.0 26 S.D.
p* p< 0.005 p< 0.002 P< 0.
Control limbs
No stocking 15 S.D. 9.0 7.5 S.D. 6.9 17 S.D.
1 stocking 18 S.D. 8.8 3.3 S.D. 2.7 19 S.D.
p* pZ 0.033 p< 0.002 n.s.
p*Z p values for changes with one or two compression stockings aga
p**Z p values for changes of VRT50 and VRmax after surgery.insufficiency. We found objective evidence of venous reflux
in limbs with venous disease. However, our data showed
high intra-individual variation in control limb data and this
probably prejudiced the likelihood of detecting differences
following surgical treatment. The variability may be due to
difficulties in standardising the knee-bend protocol which is
followed by a period of relaxed standing. As a result the
effects of surgical treatment on the VRT50 and VRmax may
be hidden in the variability of the data. Some variation
may be attributable to the assessment of elastic compres-
sion stockings since the strain gauges had to be removed
between measurements. The plethysmographic data show
a trend towards reduced venous reflux following surgery
or by use of class I compression. Further reductions in reflux
were shown when wearing two class I stockings upon each
other. Therefore it seems reasonable to recommend class
II compression in patients with superficial venous
insufficiency before surgical treatments as well as at least
compression class I post-operatively in recurrent or residual
vein insufficiency.
Venous outflow plethysmography has been used to show
unilateral venous obstruction by means of delayed venous
outflow. Our data show an increased VV in patients with
venous disease associated with an increased VO, which
probably arose simply as a consequence of the increased
VV. VV and VO decreased significantly in correlation with
VRS after varicose vein surgery, and might therefore be
useful parameters to assess surgical outcomes. We believe
that future studies should investigate whether patients
with increased VO, VV and high foot volumetric reflux rates
benefit from superficial vein surgery.
In conclusion, we used CDU to assess modified venous
reflux scoring (VRS) which reflected the outcome of
superficial venous surgery. We believe that combined
anatomical and functional segmental vein scoring may
better reflect the severity of venous disease. CDU com-
bined with VOP and VRP might be helpful for classification
and follow-up of patient groups with venous disease. We
hope these observations are helpful to motivate individual
patients to use compression stockings as part of the
management of their venous disease.egs and in the contralateral control legs. VRS performed also
urgery
p** VRmax p**
8.2 n.s. 8.0 S.D. 5.3 n.s.
10 p< 0.005 4.4 S.D. 6.5 p< 0.01
02 p< 0.04
16 pZ 0.03 2.7 S.D. 4.8 p< 0.02
004 p< 0.001
9.6 n.s. 5.9 S.D. 3.4 n.s.
12.4 n.s. 3.8 S.D. 2.7 n.s.
p< 0.002
inst baseline measurements.
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